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SYMMETRICAL

TO 1

Pressuremeasurementsonthesurfaceof a two-dimensionalsymmetri-
caldouble-wedgeairfoilhavebeenobtainedfromtestsin theIangley
& by lg-inchsemiopentunnelat liftingconditionsandatMachnumbers
up to 1. Theobjectofthisinvestigationwasto obtainnormal-force,
pressure-drag,andpitching-momentdataandto comparetherewithavail-
ableexperimentalandtheoreticalresults.

Thenonliftingresultsareingoodagreementwithpotential-flow
“+; theoryata Machnuniberof aboutO.~andinfairagreementwiththe

theoreticalresultsofGuderleyandYoshiharaata Machnumberof 1 and
withthetransonicsmall-disturbancetheoriesof otherinvestigators

● forMachnunibersfromO.~ to 1.0.

Belowa reducedMachnumber~. ofapproximately-1.0,thepressure-
dragcoefficientcomputedon thebasisof thetransonictheoriesandthe
dragcoefficientmeasuredin thepresentinvestigationareof opposite
sign.Thepresentexperimentaldataandthetheoreticalincompressible
resultsextendedtohigh-subsonicspeedsbothindicatea thrustforthe
forebdy. Theapplicationof transonicapproximations,therefore,appears
unjustifiedforsimihrityparsneterslessthanapproximately-1.0in the
subsonicportionofthetransonicrange.

At Uftingconditions,forWch numbersup to about0.6,the
presentresultsme ingoodagreementwiththeclosed-tunneldataof
BartlettandPetersonendwithlow-speedtheoreticaldataextendedto
a Machnuniberof0.6.

moDucTIoN

Amongairfoilprofiles,thewedgeisofparticularinterest,since
itsgeometricsimplicitypermitsresdyformulationof a problemwith
knownboundaryconditionsinthehodographplane.Consequently,ithas

m beenthesubjectofconsiderabletheoreticalworkinthetransonicMch
nuniberrsnge.GuderleyandYoshihsra(ref.1)firstobtaineda solution
totheproblemoftheflowpasta thindouble-wedgeprofileat0° angler
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of attackanda Machnumberof1. Trilling(ref.2Jhasalsomadean
analyticalstudyof steadyplaneflowof anidealgaspasta thin,sym-
metricaldouble-wedgeprofileat0° singleofattackattransonicl&ch
nunibers.Previouslyreportedexperimentalinvestigations(refs.3 and
4) haveprovideddataon 10-percent-thicksymmetricaldouble-wedgeair-
foilsat0° angleofattackandtransonicMachnumbers.

Recently,GuderleyandYoshihara(ref.~)haveobtainedtheoreti-
calresultsfora symmetricaldouble-wedgeprofileunderliftingcon-
ditionsat a Machnumberof 1. A surveyoftheexperimentaldatafor
thedouble-wedgeprofilerevealsthatonlyoneinvestigation(ref.6)
hasbeenmadeatliftingconditionsanditcoveredonlyMachnumbers
below0.85. Thepresentresultsarecomparedwithavailabletheoreti-
calandexperimentalresultsforboththeliftingandnonliftingcondi-
tions. Pressure-distribution,normal-force-curve-slope,pressure-drag,
andpitching-momentdatasxepresented.__

Thedataw~e obtainedintheformofpressuredistributionsand
schlierenoflowphotographsfortheprofileatanglesofattackof0°,
4°,and8 atMachnumbersfromO.3to 1.0. TheReynoldsnumberrange
wasfrom0.7x 106to 1.6 x 106.
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APPARATUS,M3DELS,ANDTESTS

conductedintheLsngley& by 1$1-inchsemlopentunnel,
1. h thisfacilityairfromtheatmosphereis induced
thetestsectionby a high-pressureinductionnozzle.

Thetest-sectionMachnumberwssregulatedby a vsriable-ereathroat
locatedinthediffuserdownstreamfromthetestsection.Thisvariable-
areathroat,bymaintainingsonicvelocityatthethroatforalltest-
sectionMachnumbers,permit~edcontinuouscontrolof anundisturbed
flowinthetestsectionatMachnunibersfromO.3to 1.0. Thetunnel
Machnumberwasobtainedfromcalibratedorificesin theopenchambers
abovead belowthetestsection.

Forincompressiblepotentialflowthecorrectiontotheangleof
attackisthemajorcorrectionsnd,isgiven(forthetunnelconfigura-
tionused)by ~me = ~eat - 1.85cn.Jet-boundarycorrectionsfor
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thistunnelconfigurationhavenotyetbeendetermined
l&chnunibers;thereforeno comectionhasbeenapplied
data,exceptinoneinstance,wheretheincompressible
appliedtothenormal-force-curve-sloperesultsatlow
Jet-boun~ effectsat lowMachnumbersarediscussed
inreference7, whereit isindicatedthat,exceptfor

NACATN3306

athighsubsonic
toamyofthese
correctionwas
Machnumbers.
inmoredetail
theazuzle-of-

8ttaCkcorrection,thejet-boundaryeffectsareprobablynotlarge.

The10-percent-thicksymmetricaldouble-wedgeairfoil(maximumt/c
at0.5c),havinga h-inchchordandb-inchspan(seefig.2),completely
spannedthetestsectionandwassupportedby circularendplatesin
thetunnelwalls(fig.1). Static-pressureorificeswerelocatedat
5-percent-chordintervalsalongtheupperandlowersurfacesofthe
airfoil(fig.2).

Pressure-distributiontestsandschlierenflowphoto~aphswere
madefortheairfoilatanglesofattackof0°,4°,and8 andatWch
numbersfrom0.3to 1.0. ThecorrespondingReynoldsnumberraugefor —
the4-inch-chordmodel

Comparison

wasfromO.Tx 106 to1.6 x 106.
‘+’

RESULTSANDDISCUSSION

ofTheoreticalandExperimentalData
*

Pressure-distributioncomparisons.-Figure3 presentsa con.parison
ofexperimentalpressuredistributionsof thepresentworkandofrefer-
ences3 and4 withthetheoreticalpressuredistributionsofreference1
for10-percent-thicksymmetricaldouble-wedgesections”at0° angleof
attackandMachnumber1.0. Overtheforwardhalfoftheairfoilthe
experimentalpressuredistributionfromtheLangley4-by 1$1-inchsemi-
opentunnelshowslowerpressuresthaneitherthetheoreticaldataof
reference1 ortheexperimentaldataofreferences3 and4, thedata
ofreference4 follotingthetheoreticalcurve,whilethedataof refer-
ence3 showhigherpressuresthantheotherresults.

—
Overtherearhalf

of theprofilethedataofthepresentinvestigationshowcloseragree-
mentwiththetheoreticaldistributionthanthedataofreferences3
and4. Thedataofreference3 againshowmuchhigherpressuresthan
anyoftheothertheoreticalorexperimentalresults.

Thedataofthecurrentinvestigationat0° sngleofattackanda
Machnumberof0.584arecomparedinfigure4 withthetheoretical
potential-flowpressuredistributionextrapolatedfrom M = O to
M = 0.584, usingtheVonK&m&n-Tsienrelation.Thepressuredistribu- .
tionsfromthecurrenttestsareinverygoodagreementwiththeory,
althoughtheyaregenerallysomewhathigher.
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A comparisonofpressuredistributionsobtainedinthepresent
investigation(c/h= 0.21)withtwo-dimensionaldataobtainedfora
3-inch-chordlo-percent-thicksymmetricaldouble-wedgeairfoilina
4-by 16-inchclosed-throathigh-speedwindtunnelhavinga c/h ratio
of0.187(ref.6)athighsubsonicspeedsandattwoliftingconditions
is showninfigure5. Theagreementshownbetweenthepressure-
distributiondatanesrzeronormal-forcecoefficientata M&chnumber
of approximately0.7isexcellent.Underliftingconditions,with
normal-forcecoefficientsnesr0.68andata Machnuniberofabout0.75,
someslightdiscrepanciesareinevidencebuttheagreementisgeneraliy
satisfactory.

Pressure-dragcompb,risons.-A comparisonofdragpolarsinfig-
ure showsreasonablygoodagreementbetweenthedataofthepresent
investigationandreference6 forMachnunibersthroughout.At al!ach
nuniberof0.8thedragdataofthereferencepaperaresomewhathigher,
perhapsdueto thenearnessto thechokeMachrnmiberof0.851inthe
closed-throat-tmneldataofreference6.

Thezero-liftexperimentalpressure-dragcoefficientsofa
10-percent-thicksymmetricaldmible-wedgeairfoilfromtheIangley
4-by Ig-inchsemiopentunnelarecomparedwithdataobtainedfrom
references4 and6,andwiththetheoreticaldatafromreferences1,2,
and8 infigure7. ForMachnumibersup to0.8thetheoreticaldataof
reference2 aregenera13ymuchhigherthanthoseshownfortheexperi-
mentalinvestigations.Thepresentinvestigationshowslowerdrag
coefficientsattheseMachnunibersthananyof the otherinvestigations,
whilereferences4 and6 showvaluesbetweenthepresentresultsand
thetheoryofreference2. AtMachnumberssmu.nd0.8theexperimental
dataofreference6 showa sharpriseandhavehighervaluesthanthe
theoreticalcurve.Thehighdragcoefficientsshownatandabovethat
Machnuaiberareattributedto thenearnessto thechokeMachnuniber
ofO.~1 intheclosed-throat-tunneldataofreference6. Generally,
fairageementexistsbetweenthetheoreticalandtheexperimental
resultsatl&chnumbersfromO.@ tonear1. llIheslightlynegative
slopeofthedragcurveata l&chnuniberof1 fromthepresentinves-
tigationis in cotiormi~withtheresultsgivenpreviouslyin
reference8.

Thecomponentsofdragactingona 10-percent-thicksymmetrical
double-wedgeairfoilat0° incidenceareshowninfigure8. Thedrag
coefficientontheforebodyrisesuniformlywithMachnumberandcon-
tinuesto increasethrougha Machnuriberof 1. Whilethedragofthe
afterbodyrisesmorerapidlywithl&chnuniberthandoestheforebdy
drag,theafterbodydragreachesa maximmsomewhatbelowa Machnum-
berof 1 andthendecreaseswithfurtherincreaseinMachnumber.The
slopesofthedragcurvewithWch nuriberat a Machnumberof 1 are
inagreementwithpredictedslopesfromreference8. Further,the
pressure-drag-coefficientcurvesarealsoinfairagreementwith



Guderley’stheoreticalvaluesata Machnumberof1 andwithpressure-
dragvaluesfromtheoreticalincompressibk..pressure-distributionresults ‘
extendedtoa Wch numberof0.480by theVonK&m&Tsien rule.

Belowa Machnumberof0.85,thedragcoefficientfortheforebody
isnegative,asshownby thepresentexperimentaldataandby theory.
Thenegativedragoftheforebodyofthesymmetricaldouble-wedgepro-
fileatMachnunibersbelow0.85isproducedbythelargeareaof the
forebodyaffectedbypressureslowerthanthatofthestream.For
instance,figure4 indicatesthatzeropressurecoefficientoccurs
nearthe16-percent-chordstationata Machnumberof0.~84andis
nearthemidchordlocationata Machnumberof1. A grsdualreaxward
movementofthechordwisepositionofzeropressurecoefficientneces-
sarilyoccurs,aswillbe shownlaterinthediscussion.Thus,the
negativedragproducedontheforebodydiminisheswithincreasing~ch
nuuiberandthedragbecomespositiveatMachnumbersabQveO.@ (fig.8).

Figure9 shows,intransonic-similarityterms,thedragdataat
zeroliftfort~eforebodyofthe10-percent-thicksymmetricaldouble-
wedgemodelofthepresentinvestigationcomparedwithsindlardrag v
data onwedgesfromtheexperimentalinvestigationsofreferences4
and9 endthetheoreticalrestiltsofreferences1,2,8, and10. TO
providebetterdatacorrelation,thesimilarityparametershavebeen
modifiedby using (y+ 1)~, ratherthantheterm 7 + 1

r
inthese

parametersinaccordancetiththesuggestionofBusqmanuinreference11
andthesubsequentuseby otherinvestigators.At sonicspeeds(figs.8
and9),theslopesareinreasonablygoodagreementwiththetheoryfrom
reference8. Agreementis,maintainedwiththetheories(refs.2 and
10)fromllachnuniberl.OtoaroundO.@ (g.=0 to ~o~-l.O).
Belowa reducedMachtier ~. ofapproximately-1.0,thepressure-
dragcoefficientcoqputedonthebasisofthetransonictheoriesand
thedragcoefficientmeasuredinthepresentinvestigationareof
oppositesign. Thepresentexperimental.dataandthetheoreticalincom-
pressibleresultsextendedtohigh-subsonicspeeds(fig.8)bothindi-
catea thrustfortheforebcdy.Theapplicationoftransonicapproxi-
mationsusedinreferences2 and10,therefore,appearsu@ustified
forsimilarityparametersgo lessthanapproximately-1.0inthe
subsonicportionofthetrsmsonicrange.Thefactthatthetransonic
small-disturbancetheoriesdonotapplyatthelowervaluesofthe
reducedMachnumbercouldbe expectedbecausethetransonictheory
becomeslineartheoryatthelowerWch nunibersandapproacheszero
dragcoefficientasa limit.Thelimitationcouldbe expectedfrom
Busemann’sdiscussionoftheapplicationofthetransonicsimilarity
rulesinreferenceU.

Thedataofreference4 wereobtainedina l/8-openslottedtunnel
inwhichthemodelsizerelativetothetunnelheightwasofextremely
largeproportions,the c/h ratiobeing0.89. Inviewofthefact
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if
thatquantitativeevaluationoftheset-boundary-interferencecorrec-
tionswasnotmadeinthereferencepaper,theagreementbetweenthe

* uncorrectedresultsfromthetwofacilitiesisasgoodascsmbe qected.

Bryson’smeasurements(ref.9) followthetrendpredictedby
transonic-similari’qytheoryandthusalsodonotindicatenegative
dragatthelowervaluesofthereducedMachnuniber.Thedifference
betweenthecmrenttestsandBryson’sdataisprimarilyattributed
tomodeldifferences.Thewedgeofreference9 wasattachedto a
flat-plateextensionconstitutingan.afterbdyofuniformthiclmess
e~al to themaximumthicknessofthewedge,whilethepresentresults
wereobtainedonthewedgeforebodyofa symmetricaldouble-wedgeair-
foil.A comparison(fig.10)oftheexperimentalpressuredistribution
forthe5.74°semiaagleforebodyof~hepresentinvestigationwithan
interpolateddistributionfora 5.74 semisnglewedgefromreference9
(M= O.82)showsthat,whiletheinterpolatedpressuresaregenerally
higherthanthosefromthepresenttests,theyareconsiderablyhigher
nesrthenoseandneartheshoulder.Thehigherpressuresproducethe
higherdragshownforthedataofreference9. Thefairingofthe
pressuredistributionintheneighborhoodoftheshoulderof theair-

4 foilcanbemadeby eitherofthefollowingmethods:(1)thefairing
canbe madetopassthroughthepressurecoefficientmeasuredatthe
shoulderoftheairfoil;(2)thepressuredistributioncanbe faired
throughthetheoreticalvalueofthepressurecoefficientatthe.
shoulder(thatis,thepressurecoefficientcorrespondingto sonic
velocityattheshoulderofa double-wedgeprofile).Inthepresent
investigationtheformermethodwasused,sinceitis !mownthat,due
totheboundarylsyer,thesonic-velocitypointisforwardofthe
shoulderandthemeasuredpressuremustbe usedto givea realistic
estimateofthedragforces.HadthefairingsanddragIntegrations
beenmadeontheassumptionthatthetheoreticalsonic-velocitypoint
occurredattheshoulderofthedouble-wedgeairfoil(indicatedby the
long-dashlineextensionofthepresentdatato P = -0.41 infig.10),
thedragcoefficientswouldhavebeensomewhatincreasedaudthe.Mach
numberatwhichtheforebodydragbecsrnezerowouldhavebeenreduced
by a smallamount.

A comparisonofexperimentalandtheoreticalresultsindicates
thatlow-speedtheoreticaldataextendedtoMachnwiber0.480arein
goodagreementwiththepresentexperimentalresults.AtMachnunibers
fromO.@ to1.0,similaragreementis obtainedbetweenexperimental
resultsendthetransonictheories.Belowa reducedMachnunibergo
ofapproximately-1.0,thepressure-dragcoefficientcomputedonthe
basisofthetransonictheoriesandthedragcoefficientmeasuredin
thepresentinvestigationareofoppositesign.Thepresentexperi-
mentaldataandthetheoreticalincompressibleresultsextendedto

e high-subsonicspeedsbothindicatea thrustfortheforelmdy.The
applicationofthetransonicapproximations,therefore,appears
unjustifiedforsimilarityparametersgo lessthanapproxina.tely-1.0

. inthesubsonicportionofthetransonicrange.
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ExperimentalResults

Schlierenphotographsandpressuredistributions.-FigureD pre-
sentsschlierenflowphotographswithsuperimposedpressuredistribu-
tionsfortheairfoilatanglesofattackof0°,40,,and8°andM.ch
numbersof0.7,0.8,0.9,and1.0. Additionalpressure-coefficientdata
aregivenintableI. Theschlierenphotographsandpressuredistribu-
tionsindicatethatsupersonicvelocitiesoccurneartheshoulderof
thewedgeata Machrnmiberof0.7at0° angleofattack.Thepressure
distributions(seealsofig.4) showthatvelocitiesgreaterthanthe
streamvelocityoccurnearthe16-percent-chordstationat0°angleof
attackata Machnuniberof0.5& andmoverearwardto a positionvery
neartheshoulderofthewedgeata Machnumberof1. Thisphenomenon
pKdUCeS the ?Xh3ein Cdp oftheforebodywithincreasinghkchnuniber.
As a Machnumberof1 isapp~oached,theshockmovesto thetrailing
edge,separationisel.hinated,andanessentiallyconstantsuersonic
velocityexistsovertheentirerearhalfofthemodel. fThe lowover
theforwardpartof thewedgeprofileissubsontc.

At4° angleofattack,atthelowerMachnu?ibers,theflowseparates
atthenoseandat theshoulderofthewedge.As theMachnumberis

(>.

increasedabove0.8,theflowattachesto theleadingedgeandthe
shocksmoverearward.Theloadreversalontherearofthemodelata
Machnumberof0.9producesa lossinEft andan increaseintheposi- e

tivepitching-momentcoefficient.At a Machnuniberof1 theflowis
ofthesupersonictype,withtheshocksatthetrailingedgeandvery
M.ttleseparationexistingontherearofthemodel.

At 8°anleofattacktheflowconditionsaresimilartothose
~observedat4 angleofattack,exceptthatthenegativepressurepeaks

.-

arehigher,theflowseparationmoreextensive,andtheshocksmuch
strongerthanforthelowerangle-of-attackcondition.

—
Fromthe .

pressure-distributiondiagrsmsitisapparentthata verylsxgeportion
ofthetotalnormalforceisproducedontheforebodyofthesymmetrical
double-wedgeairfoilandtheflowchangesontheafterbodyproducelarge
forceandmomentchangesattransonicMachnumbers.

Sectionnormalforce.-Thepressure-distributiondiagrsmswere
integratedtoprovidethebasicaerodynamiccharacteristicsforthe
10-percent-thicksymmetricaldouble-wedgeairfoilandareshownas
the cn, Cd, ~d cm~ variationswithWch nuniberinfigureX2.
Thenormal-force-coefficientcurves(fig.ii?),generallysimilarto
conventionalairfoildata,riseaccordingtosubsonictheory,reaching
a peakvaluearounda Machnumberof0.8anda minimumvaluenesr0.9.
Thechangeis shownby figureIl.toresultfromtheflowseparation
andconsequentliftreversalovertherearoftheairfoil.Therecovery
ofl.lftatMachnumbersincreasingfrom0.9to1.0is causedby the

w

?
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“3
movementalongtheupper
tothetrailingedgeand. resroftheairfoil.

Presentedinfigure

Y

surfaceoftheshockwaveandseparationpoint
theeliminationoftheload.reversaloverthe

13areboththeuncorrectednormal-force-curve-

.

slopedataofthepresentinvestigationforWch nunibersfrom0.4to 1.0
andthedatacorrectedatMachnuuibersfrom0.4to 0.65fortheincom-
pressiblejet-boundaryeffectsusingtherelationqne = qest - 1.85cn
(ref.7). Thedataofthepresentinvestigationarealsocomparedin
figure13withthetheoreticalvalueata Machnumberof1 fromrefer-
ence5 szdwiththeexperimentaldataofreference6. !l?helatter
resultshavebeencorrectedforjet-boundaryeffectsby themethodof
referenceK?. Thecorrectednormal-force—curveslopesofthecurrent
investigationsresomewhathigherthanthoseofthereferencedata.
At a Machnumberof1 theagreementofthepresentuncorrecteddata
withthetheoreticalresultsofreference5 is close;however,this
agreemmtmsybe onlyfortuitous,sincetheexperbentaldatasre“sub-
jectto jet-deflectioncorrectionofroughly20percentatMachnunibers
around0.65ad ofunlmownmagnitudeathighersubsonic-d transonic
Machnuibers.Nevertheless,thedataof figure13establishthetrend
of-thenormal-force-curveslopeat~ch mnibersup to 1.

Sectionmomentcoefficientabouttheleadingedge.-Theflowchanges
overtherearofthemodel(fig.n), similartotheireffectonthe
normal-forcecoefficient,producelsrgechangesinthemomentcoeffi-
cientwithMachnunberforMachnumibersfrom0.8to1.0(fig.J2). A
largereductionoccursinthenegativepitching-momentcoefficientfor
themodelwhentheMachnumberincreasesfrom0.85to0.9. Abovea
Wch numiberof0.9,themomentcoefficientincreasessharply.This
severechangeinthemomentcoefficientin therangeofMachn~ers
from0.85to1 couldproduceseriousstabilityandcontrolproblemsfor
aircraftusingsymmetricaldouble-wedgesectionsattheseMachnumbers.
Thevariationof dcm~

P
cn withMachnumberisshownin figure14.

SectiondraRcoefficient.-FigureM?presentsthevariationsof
secttondragwithMachnwiberfor0°,4°,W 8° angleof attack.To
approximate-thesectiondrag,a skin-friction-dragcoefficientof0.006
hasbeenaddedto thepressure-dragcoefficientsobtainedfromintegrated
chordwisepressuredistributions.ForsubsonicMachnumibersup to eround
0.8,krge dragincreasesareproducedbyincreasesintheangleof
attack.Thesedragincrementsarerath?rlsrgebecauseoftheextensive
flowseparationfromthenoseandshoulderofthemodeloccurringat
thelowerMachnumbers(seefig.n). As theWch numberis increaaed
above0.8,however,theeffectofincreasedangleof attackornormal
forceinproducingincreasesindragis considerablyreducedbecause

4 oftheWeviationof separationby flowattachmentat thenose.Fig-
ure15 showsa reductionintheslopeofthedragpolarsforlownormal-
forcecoefficientswithincreasingMachnunibers.Thisreductionin

<
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slopeiscausednotonlyby theeffectofMachnumberon &d/&) but
alsoincludestheeffectsofMachnuniberonthenormal-forcecoefficient. ~
Theoveralleffectof increasingtheMachnuniberontheefficiencyof
thelo-percent-thicksymmetricaldoublewedgeisshowninthe n/d curves
offigure16. Reductionin n/d ratiooccurswithincreaseinMachnum-
berfromO.6to0.9. Above0.9,thereislittlechangewithMachnumber
in the n/d curvesforthe10-percent-thicksymmetricaldouble-wedgemodel.
Figure17showsthevariationwithMachnumberoftheratioofmaximum
normalforcetodragforthesymmetricaldouble-wedgeairfoilandfora
conventionalNACA&AO12 airfoil(fromUnpublisheddata).A comparison
ofthevaluesof (n/d)_ forthetwoairfoilsshows,aswouldbe
expected,thatthesymmetricaldouble-wedgeairfoilhasmuchlowermaxi-
mum n/d valuesthsmtheconventionalsectionatMachnunibersbelow
0.85.Abovea Wch nunberof0.85,thevalueof (n/d)M isabout
thesameforbothairfoib.

CONCIXSIONE

Thenonliftingresultsareingoodagreementwithpotential-flow v
theoryata Machnumberofapproximately0.5andinfairagreementwith
thetheoreticalresultsofGuderleyandYoshiharaat a Machnumberof 1
andwiththetransonicsmall-disturbancetheoriesofotherinvestigators .

forMachnumbersfrom0.85to 1.0.

Belowa reducedMachnuniber~. ofapproximately-1.0,the
pressure-dragcoefficientcomputedonthebasisofthetransonic
theoriesandthedragcoefficientmeamredinthepresentinvestiga-
tionareofoppositesign.Thepresentexperimentaldataandthetheo-
reticalincompressibleresultsextendedtohigh-subsonicspeedsboth
indicatea thrustfortheforebody.Theapplicationoftransonic
approximations,therefore,appearsunjustifiedforsimilarityparameters
lessthanapproximately-1.0inthesubsonicportionofthetransonic
rsmge.

.-

At liftingconditionsandforMachnumbersup to about0.6,the
presentresultsareingoodagreementwiththeclosed-tunneldataof
BartlettandPetersonandwithlow-speedtheoreticaldataextendedto

—

a Wch numberof0.6.

ThemaximLuuratioofnormalforcetodragforthesymmetrical
double-wedgeairfoilwasmuchlowerthanthatforconventionalairfoils
in therangeofMachnunibersbelowO.@ andwasequaltothatforcon-
ventionalairfoilsabovea MachnuniberofO.@.

b

LangleyAeronauticalLaboratory,
NationalAdvisoryCommitteeforAeronautics,

LangleyField.,Vs.,
8

A~st 18,1954.
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TABLE I.-PRIS6URECOEl?FICIXIHS

M = 0.31
~=oo o

a=k a=8°
Location,
percen-tc Upper LWer Upper Lower Upper lover

surface surface surface surface surface tmrface

2.5 ‘o.165 0.140 -1.235 o:~~ -1.135 o.7m
5 .095 .060 -.940 -1.160
10 .045 -.020 -.450 .285 -1.185 :3
15 .015 -.005 -.195 .225 -1.165 .390
m -.020 -.C40 -.le5 .170 -1.063 .310

-.045 -.060 -.190 .130 -.830 .250
z -.0% -.lW -.m .Om -.605 .183

-.130 -.150 -.255 .020 -.455 .no
E -.13 -.205 -.305 -.050 -.370 .033
45 -.300 -.310 -.3% -.170 -.340

::%
-.080

50 -.mo -.790 -.590 -.460 -.490
55
60

-.305 -.360 -.20a -.315
-.130

-*120
-.200 ~:~ -.120 -.26Q

65 -.lko
-.060

-.120 -.qo -.200 -.040
70 -o@ -.l~ -.130 -.OB -.155

-.040
-.020

75 -.065 -.080 -.015
80

-.120
-.040

-.005
-.010 -.040 0 -.080

@
o

0 -.010 .030
:E

-.055. .015
90 .040 .035 .060 -.030 .025
95 .095 .qo .090 .060 .020 .020

~=o.4e

~.oo a=4° a=8°
tication,
percentc Upper bwer Upper IOwer upper Iuwer

surface surface surface surface surface surface

2.5 0.160 o.ti8 -1.045 0.609 -1.qo o:7&3
5 .103 .093 -.90Q .438 -1.q’o
10 .060 .045 -.600 .310 -1.qo .500
15 .022 .007 -.242 .235 -1.071 .415
20 -.018 -.029 -.191 .172 -1.069 .340

-.@o -.@9 -.205 -.ggo .280
z -.095 -.095 -.&o :2 -.K5

-.142 -.142
.205

::
-.282 0 -.705 .131

-.210 -.210 :;% -.075 -.%0 .048
45 -.328 -.328 -.1% -.409

-ml
-.072

50 -.*7 -.945 -.675 -.% -.538
55 -.m -.325
60

-.395 -.200 -.285 -.108
-.195 -.212 -.280 -.130

65
-.235 -.058

-.130 -.140 -.200 -.080
-.081

-.187 -.020
70 -.092 -.140 -.045 -.145

-.040
.W

75 -.50 ~:&& -.015 -.101 .015
-.003 -.017

8
0 -.063 .o18

.035 .020 0 .030 -.032 .039
90 .075 .,050 .045 .050 -.010 .045
95 .120 .100 .W .070 .028 .045



14 NACATN 3306
.

TANJ1.-PRESSURECOETFICIINTS- Continued

.

a=8°oa=O cL=4°
LcxXtion,
percentc Iower

surface

0.829
.665
.yn
.430
.352
.285
.220
.150
.060
-.o~
-.5%
-.I.20
-.055
-.020
.009
.020
.c40
.050
~g

Upper
surface

Lower
surface

Upper
surface

-0.997
-.910
-.705
-.375
-.210
-.W
-.239
-.282
-.343
-.455
-1.000
-.405
-.280
-.200
-.135
-.075
-.030
.019
.062
.15

Iower
surface

Upper
surface

0.170
.lqj
.055
.020
-.020
-.055
-.095
-.150
-.=8
-.353
-1.010
-.319
-.205
-.140
-.090
-.043
-.003
.040
.080
.122

0.170
.0!35
.045
.018

-.020
-.055
-.095
-.150
-.218
-.353
-.960
-.350
-.123
-.150
-.090
-*W
-.019
.020
.060
.100

0.605
.455
.543
.260
.l%
.140
.075
.010

-.070
-.200
-.640
-.220
-.130
-.075
-.035
-.WJ
.020
.@o
.070
.092

-1.030
-1.035
-1.040
-1.~1
-1.045
-.9%
-.aal
-.755
-.600
-.4a
-.392
-.300
-.242
-.190
-.llto
-.102
-.070
-.040
-.009
.025

u

—
ki = 0.63

a=8°a=OO a=4°-”
Location,
percentc upper

I
rawer

surface surface
upper
surface

-1.0$0
-.915
-.640
-.3=
-.209
-.205
-.240
-.*
-.352
-.470
-1.082
-.425
-.=
-.lgg
-.1X
-.072
-.020
.Oa
.072
.111.

Lower
surface

Upper
surface

Lower
surface

0.169
.102
●o@
.Oa

-.013
-.@o
-.095
-.148
-.220
-.360
-1.069
-.320
-.209
;:&8

-.040
0
.040
.081
●1-35

0.168
.102
.060
.0-
-.013
-.050
-.095
-.ti8
-.220
-.360
-1.069
-.370
-.230
-.1s
-.095
-.050
-.010
.028
.069
●W

0.655
.470
.352
.268

:%
.082
.018

-.070
-.200
-.790
-.245
-.uo
-.075
-.035
-.(x)8
.Oa
.@o
.075
.100

2.5
5

10
15
20
25
30

?2
45

z
60
65

;

@
90
95

-1.025
-1.041
-1.049
-1.045
-1.03
-.98Q
-.892
-.775
-.640
::~

-.327
-.260
-.205
-.152
-log
-.070
-.040
-.010
.020

O.@
.662
.525
.432
.355
.285

:Z
.0%
-o@
-.630
---
::$3

0
.015
.032
.044
.049
.045
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TABLEI.-PRESSUFJZCOEKFICEP?I!S- Continued

M = 0.71

<’

.

==00 oa=k =.8°
Location,
percentc W-- her up-per IOwer Upper Lover

surface surface surface mrface surface surface

2.5 0.195 0.195 -1.~ 0.640 -1.099 0.820
5 .130 -.935 .475 -1.100 .671
10 .080 :$ -.635 .355 -1.100 .530
15 .039 .038 -.330 .270 -1.082 .432
m -.001 -.001 --- .202 -1.045

-.040 -.040
.350

-.231 .ti3 -.!370 .280
z -.O* -.0% -.258 .085 -.870 .ao

-.140 -.140 -.301
::

.015 -.761 .L33
-.zll.l -.zll ::% -.075 -.635

45
.037

-.332 -.332 -.220 -.5s -.101
50 -1.135 -1.045 -1.380 -.890 -.449

-.670
-.755

55 -.555 -.481 -.340
60

-.360 -.W
-.235

65
::% -.305 -.135 -.300 -.1o3

-.139 -.205 -.090 -.242 -.058
70 -.o& -.090 -.135 -.050 -.195 -.028
75 -.035 -.045
80

-.ql -.020 -.qo -.010
.005 .003

85
-.020 .011 -Slog

.040
.005

.0% .Oa .040 -.075 .01.1

.cg2 .075 .070 .060 -.045
z .135

.016
.U5 .110 .087 -.015 .015

M=0.76
a=o” a=4° a=8°

Location,
percentc upper Lower Upper lower Upper IOwer

surface surface surfacesurface surface surface

2.5 0.205 0.- -1.152 0.655 -1.580 0.810
5 .148 .138 %:; -1.510 .680
10 .099 .089 :;2; -1.381
15 .c@ .049 -.s5 .281 -1.* :?%

.010 .010 --- .210 -1.111
E

.370
-.030 -.030 -.220 .l% -.8!3!3 .S9
-.070 -.070 -.240 .095

z
-.715 .227

-.l&ll -.u?o
40

-.275 .030
-.lao

-.590 .lZ
-.180

45
-.332 -.055 -.502 .060

-.285 -.285 -.430 -.W -.460 -.090
50 -1.075 -.895 -1.240 -.810
55 -.860

-.718
-.925

-.730

60
-.720 -.720 -.355 -.345

-.500
65

-.395 -.345 -.180 -.281 -.083
-.21.O -.15 -.203 -.085 -.225 -.040
-o@ -.I.OC) -.u!l -.041 -.171 -.0U2

g -.025 -.045 -.050 -.010 -1-35
.018

.005
0 -.o11

85
.015 -.100

.040
.020

●059 .030 .040 -.068
90 .091

.030
.ql .072 -e -.OX .042

95 .130 .101 .115 .m o .@o
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TAMEI.-PRISSURECOEFTICIENT8- Continued

M= 0.81

~.oo ~=4~ a=8°
Iacation,
percentc Upper Lower Upper IOwer Upper Lower

surface surface surfacesurface surface Surface

2.’3 0.218 0.200 -1.450 0.650 -1.720
.@

0.815
5 .155 -1.100 .508 -1.570 .690
10 .U5 .108 -.200 .3%? -1.340

.W
.555

15 .068 -.M .303 -1.208 .465
20 .030 .030 -.153 .32 -1.143 .3&)
25 -.008 -.oo8 -.leo .l-pj -1.093

-.048
●33-3

-.C45 -.210 -1.06Q .243
; -.094 -.092 -.&o :?8 -1.030 .170
40 -.148 -.lyl -“2’75 -.020
45

-.743
-.235 -.235 ‘-.348 -.130 -.443 -%

50 -.950 -.770 -1.qo ~:g -.375 -.660
57 -1.000 -1.W -1.093 -.290
60

-.708
-.728 -.718 -.503 -.450

65
-*255 -.155

-.428 -.318 -.343 -.lN -.233 -.040
-.205 -.160 -.230 -.045 -.205 -.013

: -:% -.U70 -.140 -:JIO& -.180 -*W
80 -.003 -.065 -.155
@

.013
.060 .042 -.003 .050 -.123 .020

90 .l.oa .080 .050 .070 -.06 .023
95 .lyj .E20 loo .092 -.045 .o13

M=0.86

0° 0a= a=4 a.8°
ticatlon,I
percentc Upper Lcwer Upper Iower upper her

surfacesurfacesurfacemrface surfacesurface

2.5 0.30 0.228 -0.973 0.700 -1.435 0.820
5 .205 .I& -.872 .520 -1.295 .680
10 .158 .148 -.630 .398 -1.100 .553
15 .I.20 .IJ-o -.W5 .318 -.980 .460
20 .078 .075 -.070 .~o -.940, .380
23 .040 .040 -.1o2 .193 -.908 .315
30 .008 .008 -.135 .tio -.&35 .248

-.030 -.030 -.170 .085 -.875 .I&l
% ‘1:o&8 -..078 -.203 .015 -.e45 .098
45 -.155 -.260 -.080 -.550 -,010
50 -*7$O -.615 -.898 -.580 -.s0 -.550
55 -.968 -.95 -.964 -.900 -.258 -.830
60 -.aaa -*955 :;% -.840 -.263
65

-.@3
-.780 -.65 -.725 -.270 -.505

70 -.,355 -.285 -.340 -.qo -.I.I.O
75 ::% -.21.O -.&o -.U3 -.263 -.015
80 -.11o -.W -.* , -::; -.50 0
@ o -.008 -.132 -.240 -.015
90 .082 .058 -.074 .~o -.220 -.050
95 .m .llz! o .065 -.205 -.o&

.

.
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TABLEI.-PRESm COEFFIC- - Oontinue&

.

M-0.91

U=k”a.o” U.a”
Location,
percentc Lower

surface

O.m
.238
.195
.1~
.115
.085
.053
.020
-.OB
-.@o
-.518
-.880
-.870
-.&5
-.810
-.!550
-.302
-.205
-.120
.010

upper
surface

-0.820
-.700
-.555
-.470
-.345
-. O&l
-.045
-.065
-.097
-.155
::@&

-.755
-.305
-.234
-.202
-.178
-.155
-.X28
-.078

Iclwer
surface

0.720
.555
.440
.363
.295
.240
.190
.140
.080

-.003
-.458
-.820
-.WO
-.764
-.730
-.695
-.670
-.555
-.210
-.010

upper
surface

-1.5
-1.080
-.gla
-.813
-.775
-.750
-.738
-.735
-.733
::g

-.293
-.280
-.280
-.282
-.283
-.280
-.*
-.275
-.270

Upper
surface surface

2.5
5

10
15
20

z

0.350
.255
.200
.lx
.U8
.085
●053
.020

-.03
-.082
-.670
-ago
~:~:

-.780
-.705
-.440
-.270
-.135
-.060

0.855
.-po
.580
.495
.4ZV
.355
.295
..233
.160

-:&o
-.788
-.743
-.700
-.663
-.628
-.590
-.550
-.485
-.360

45
50
55
60
6’5
E
80
85
90
95

M= 0.96

a=4° a=8°i a=O”
LOcatton,
percentc Lower

surface

0.420
.285
.245
.205
.in
.143
.132
.082
.045

-.015
-.408
-,750
-.745
-.730
-.722
-.720
-.718
-.705
-.*
-.368

Upper
surface

“-0.665
-.573
-.438
-.368
-.fio
+&

-.uo
-.X22
-.153
-.660
-.795
-.-po
-.775
-.778
-.532
-.330
-.285
-.265
-.&)

Iower
surface

0.765
.590
.480
.410
.348
.298
.qo
.205
.148
.qo

-.355

::7&
-.665
-.6515
-.635
-.610
-.572
+&

Upper
surface

0.5XI
.302
.250
.23.0

Upper
surface

Lower
surface

2.5
5

10
15
20

z

z
45
50

-1.035
-.908
-.775
-.680
-.648
-.628
-.620
-.615
-.615
-*565
-.68
-.713
-.518
-.473
-.475
J&y

-.440
-.430
-.420

0.9E?Q
.750
.623
.*
.465
.405
.348
.So
.223
.133

-.325
-.663
-.628
-.595
-.~o
-.545
~:~8

-.463
-.370

.173

.143

.I18

.088

.045
-.008
-.550
-.758
-.745
-.738
-.732
-.725
-.718
--705
-.620
-.390

55
60
65
70
75
80
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TABLEI.-PNBSURECOEFFICIENTS- Concluded

M = 1.0

a=OO ~.40
LOcat~on,

~a8°

percentc Up~r tiwer Upper hwer Upper Lower
surface surfacesurface surfacesurfacesurface

2.5 0.465 0.410 -0.574 0.810 -0.875 0.930
5 .370 .350 -.460 .638 -.793 .780
10 .320 .310 -.315 ;:;; -.653 .668
15 .270 .270

.240
-.255 -.578 .582

20 .238 -.245 .% -.545 .510
.212 .208 -.252 .358 -.530 .450

z .183 .183 -.230 .315 -.523 .393
.153 .153 -.080

%
.272 -95X .338

.u8 .U8 -.65
45

.220 -.538 .272
.on .070 -.092 .145 -.490
-,450

.190
-.290 -.550 -.250 -.760 -.50

;: -.620 -.620 -.682 -.580 -.!?45
-.618 -.618 -.678

-.580

65
-.565 -.833

-.610 ::% -.670
-.550

::%
-.550 -.828

-.682 -.542
-.523

-.828 -.W
g -.598 -.680 -.5% -.833 -.480

-.598 -.598 -.680 -.*O -.828 -.460
85 -.598 l:$; -.682 -.510 -.790 -.440
90 -.550 -.660 -.480 -.695 -.408
95 -.530 -.510 -.638 -.440 -.4& -.320

lf

.
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reference6.
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FigureIl.- Flowover10-percent~thicksymmetricaldouble-wedgeairfoil.
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